These measurements, however, were carried out at electron energies signi cantly greater than the excitation threshold energies of the lines observed. The calculations remain to be experimentally veri ed for energies at which resonant processes may be important and for energies near threshold where DW calculations may o v erpredict the EIE cross section. A n umber of X-ray astronomy satellites are scheduled for launch in the next few years. The Advanced X-ray Astrophysics Facility AXAF i s s c heduled for launch in 1998, and the X-Ray Multi-mirror Mission XMM and Astro-E in 1999. These satellites will carry spectrometers with resolving powers in the Fe L-shell emission region over an order of magnitude greater than the spectrometers aboard ASCA. I n terpreting AXAF, XMM, Astro-E spectra will require atomic data at an accuracy signi cantly greater than the data presently used in the standard emission codes.
To address some of the existing and upcoming needs of X-ray astrophysics, we h a v e continued our studies of Fe XXIV line emission. In this work, we measured Fe XXIV 3 ! 2 line emission at energies around threshold, using EBIT to examine the resonance contributions to the line emissivity.
Here we present relative cross sections, at electron energies between 700 and 1500 eV, for producing line emission at wavelength = 1 1 : 18 A of the Fe XXIV 3d 5=2 ! 2p 3=2 transition.
Various processes can contribute to line emission observed from a collisional plasma. Direct excitation DE is the most important one at energies above the EIE threshold. Below threshold, Dielectronic recombination DR produces high n satellites which cannot be resolved from the EIE line. Resonant excitation RE can populate the same levels as DE via dielectronic capture followed by autoionization to the level of interest. In this work, we h a v e measured the following processes: DE Fe 23+ 2s + e , ! Fe 23+ 3d 5=2 + e , ! Fe 23+ 2p 3=2 + h 1 + e , Quantum mechanically, there is no way to distinguish between DE and RE, and we measure the coherent sum of the two processes.
EXPERIMENTAL TECHNIQUE
EBIT 4 uses a magnetically con ned electron beam to produce a potential well which traps the ions in the radial direction. In the axial direction, ions are trapped by v oltages applied to the top and bottom drift tubes. The electron beam is also used to ionize and excite the trapped ions. Radiative decay of the excited ions results in X-ray emission which is observed by a at crystal spectrometer FCS through one of the X-ray ports. A thallium hydrogen phthalate 001 crystal is used. The dispersion plane of the FCS is perpendicular to the electron beam. Between EBIT and the FCS is a 4 m polypropylene window. X-rays are detected by a o wing gas 90 Ar and 10 CH 4 at 1 atmosphere position sensitive proportional counter with a 4 m polypropylene window.
After injecting iron into EBIT, the electron beam energy is kept at 4 keV for 200 ms. Then every 10 ms the beam energy is swept between 700 and 1500 eV using a sawtooth pattern 2 ms in length. The intensity of a particular line is I R drn e rn q r v, where n e r is the electron density, n q r is the ion density, is the cross section for producing the observed line emission and v is the electron velocity. During the sweeping of the beam energy, the charge balance changes insigni cantly because the ionization and recombination time scales at these energies are 100 ms. We maintain a nearly constant n e r b y v arying the anode voltage of electron gun. We record the intensity of line emission at = 1 1 : 18 A as a function of beam energy. Because R drn e rn q r i s k ept constant v ersus E, w e can derive cross sections for producing these lines by normalizing our measurements to theory.
UNCERTAINTY ANALYSIS
Uncertainties are listed in Table 1 We observed line emission due to charge transfer CT o of neutal gas in EBIT. This signal is independent of beam energy. A t beam energies between 700 and 800 eV, the CT signal is clearly resolved from DR resonances and seen to be constant. We subtract this background from the total intensity. The relative uncertainty i n troduced by this subtraction is about 5.
Line emission produced by a unidirectional electron beam is linearly polarized and anisotropic 5 . Crystals have di erent i n tegrated re ectivities for X-rays polarized parallel to and perpendicular to the dispersion plane 6 . The observed line intensities depend on the polarization of the emitted lines. This is a function of collision energy. In the energy range covered here, polarization due to DE does not change signi cantly. P olarization of the DR satellites should approach that of DE as the beam energy approaches the DE threshold 7 . RE is expected to be less polarized than DE emission. We assume the line emission at all energies has the same polarization. Polarization e ects need to be further investigated but are estimated to introduce 5 uncertainty.
While sweeping the electron beam energy, w e try to keep the electron density constant b y ramping the extraction voltage of the electron gun in sync with the beam energy. The measured beam current indicates that the electron density v aries by less than 10 between 700 and 1500 eV. We h a v e corrected the observed line intensities for this variation. The RE resonance at a beam energy of about 1.25 keV is produced by dielectronic capture into the Fe XXIV 4l5l 0 level followed by autoionizing to the 3d 5=2 level.
Using the relative cross sections obtained above, we calculate the rate coe cients of each process. The DE rate is calculated by using HULLAC 2 cross sections. For experimentally inferred rates, only line emission within the measured energy range is included. Figure 2 shows the experimentally inferred rates for DR, DE plus RE, and the total rates. The total rate includes the experimental inferred DR, DE plus RE, and the theoretical DE rates at energies outside of our measured range. The theoretical DE rates do not include the cascade contributions. At a temperature of 1.7 keV, near where Fe XXIV emissivity peaks, DR contributions amount t o 20 for = 1 1 : 18 A line emission. RE enhances the rates by 5. However, the unmeasured RE contributions at higher energies can be expected to increase the rates further. Thus, plasma emission codes which do not include the e ect of DR and RE on line emissivities can be expected to underestimate line intensity by at least 25.
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